A partial-wave analysis of N N elastic scattering data has been completed. This analysis covers an expanded energy range, from threshold to a laboratory kinetic energy of 2.5 GeV, in order to include recent elastic pp scattering data from the EDDA collaboration. The results of both single-energy and energydependent analyses are described.
I. INTRODUCTION
This analysis of elastic nucleon-nucleon scattering data updates our previous analysis [1] to 1.6 GeV in the laboratory kinetic energy. The present analysis extends to 2.5 GeV, which is the limit for elastic pp differential cross sections measured [2] by the EDDA collaboration using the cooler synchrotron at COSY.
Measurements with a laboratory kinetic energy near 2 GeV are particularly interesting as they correspond to a center-of-mass energy (2.7 GeV) which has been suggested [3] for a dibaryon resonance [4] . Near this energy, a sharp structure has been reported in the polarization observable A yy [5] , and this was taken as support for such a resonance. A resonancelike structure, at about the same energy, has also been reported in an analysis by Hoshizaki [6] . The authors of Ref. [2] have considered this possibility, but find no evidence for a resonant excursion in their cross sections. Polarization measurements expected from COSY and SATURNE II will certainly help to clarify this issue.
The data base above 1.6 GeV is mainly comprised of cross section measurements, much of this coming from Ref. [2] . In Section II we describe the expanded database, noting the additions below 1.6 GeV as well as the new region from 1.6 GeV to 2.5 GeV. While the most significant changes are seen in our pp partial wave amplitudes, both pp and np data have been analyzed.
In Section III, we briefly review the formalism used in our analyses. Here we present the updated amplitudes and make comparisons with our previous solution (SM94) [1] . Fits with and without the new EDDA data are compared to show the influence of this particular measurement. Representative plots showing the agreement between our analysis (SM97) and cross section data have been generated to illustrate the quality of this fit. These results and the prospect for improvements are summarized in Section IV.
II. THE DATABASE
Our previous NN scattering analyses [1] were based on 12838 pp and 10918 np data. In Ref. [1] the pp analysis extended up to a laboratory kinetic energy of 1.6 GeV; the np analysis was truncated at 1.3 GeV. The present database [7] is considerably larger due both to an expanded energy range for the pp system and the addition of new data at lower energies.
The total database is now about 20% larger than was used in our previous analysis [1] .
Below we list recent additions to our database. Some data sets which we collect are not used in the analyses, but are retained so that comparisons can be made. A complete description of the database and those data not included in our analyses is available from the authors [7] .
The new pp data have been produced mainly at COSY [2] . From this source, we have added differential cross sections ranging from 540 MeV to 2520 MeV in the proton kinetic energy and from 35
• to 90
• in the cm scattering angle. In addition to this, about 60
high quality polarized data (P, A xx , A yy , and A zx ) at 200 MeV were produced by the Indiana cooler [8] . Another 35 high accuracy differential cross sections between 490 and 790 MeV were recently published [9] . These measurements were made at LAMPF. We have added an excitation function of cross sections at 90
• and between 0.3 and 0.4 MeV. These were measured at the Münster University low-energy machine [10] . We have also added a measurement of A zz at 650 MeV produced by LAMPF [11] but missed in the SAID database [1] .
In constructing the data base extension from 1600 MeV to 2500 MeV, we reexamined a number of references in order to include higher energy data which had previously been neglected. This search netted additional data mainly from ANL (450 points) and Saclay (893 points). The complete set is listed [12] - [51] in alphabetical order.
The np database has not been increased significantly and, as a result, we did not extend our analysis of the I = 0 system. New np polarized data have been produced mainly by TRIUMF (101 points) [52, 53] , IUCF (33 points) [54] , and LAMPF (49 points) [55] . The ANL-LAMPF-New Mexico University-Texas A & M University collaboration has finalized its analysis of 311 high quality np polarized observables (A xx , A zz , A yy , and A zx ) between 485 and 790 MeV and ranging from 25
• to 180
• [56] . These measurements were published previously in Ref. [57] . A few total cross sections in pure spin states between 4 and 16 MeV were produced by TUNL [58] and Charles University at Prague [59, 60] . Recently, the final LAMPF ∆σ L measurements between 480 and 790 MeV were also published [61] . In addition, some new ∆σ L measurements above 1190 MeV were made at JINR (Dubna) [62] . Added unpolarized measurements include 15 np differential cross sections at 67 MeV from PSI [63] and 6 differential cross sections at 14 MeV from Tübingen University [64] . A few missed differential cross sections at low energies from LAMPF [65] and at 1240 MeV from Berkeley [66] were also added.
A few data sets were added to the data base but not included in the analysis. These include 82 missed np total cross section measurements between 4 and 231 MeV from LAMPF [67] . We excluded these data from the analysis in order to retain the same database (below 350 MeV) as was used in the Nijmegen analysis [68] . This also applies to a new set of np differential cross sections at 162 MeV and at backward angles which were measured at the Svedberg Facility at Uppsala [69] .
III. PARTIAL-WAVE ANALYSIS
Our first attempts to extend the range of the NN analysis used the parameterization scheme of Ref. [1] . These were unsuccessful. The problem was traced to the basis functions used to expand our K-matrix elements. Many of these become nearly degenerate as the kinetic energy of the incoming nucleon (T ) increases to 2.5 GeV. As a result, a modified form was used in the present analysis. Apart from this difference, the formalism used here is identical to that used in Ref. [1] . The reader is directed to Refs. [70, 71] for more details.
In the following we just outline the method used, in order to show how the modified basis functions fit into our parameterization scheme.
For uncoupled partial waves (
, an S-matrix (S = S E S I ) is used. This product S-matrix is constructed from exchange (S E ) and inelastic (S I ) pieces. S E is parameterized in terms of a K-matrix
In Table I , we compare the energy-dependent and single-energy fits over the energy bins used in the single-energy analyses. Also listed are the number of parameters varied in each single-energy solution. A total of 144 parameters were varied in the energy-dependent analysis.
Our single-energy and energy-dependent results for the isovector and isoscalar partialwave amplitudes are displayed in Figs. 1 and 2 . Here we also compare with our previous fit (SM94). In some cases the changes are quite large. This is particularly true near the upper energy limit of SM94, and for the smaller partial waves. The effect of these changes can be clearly seen in Fig. 3 , where we show how well the new EDDA data [2] are reproduced by both SM94 and SM97. The influence of this experiment is most pronounced in the forward direction.
In general, we find little structure over the higher energy region. This reflects the smooth, and rather flat, total and reaction cross sections between 1.5 GeV and 2.5 GeV. Our fit to these quantities is displayed in Fig. 4 . Note that the reaction cross sections were excluded from our fit. This verifies that the set of total, total elastic (deduced from differential cross sections), and reaction cross sections are self-consistent.
The present analysis actually gives an improved fit to the data below 1.6 GeV. This is due to the altered basis set, found necessary to fit the higher energy data. Numerical comparisons are given in Table II . Here we see that the COSY data [2] comprise a large fraction of the total set above 1.6 GeV. The results of analyses with (SM97) and without (NM97) this data set show how influential these measurements have been in determining the amplitudes. (The fits SM97 and NM97 used identical parameterization schemes. Only the data base was changed.) The COSY data contribute a χ 2 /datum of 1.07 when included in the fit. This jumps to 5.6 when we attempt a prediction based on the remaining data.
IV. CONCLUSIONS AND FUTURE PROSPECTS
We have extended our pp partial-wave analyses nearly 1 GeV beyond the limit quoted in our previously published results [1] . The present range has been selected to include all of the recent elastic pp cross section data measured by the EDDA group [2] . We found that it was possible to simultaneously fit the pp total cross section data, in particular the precise data of Ref. [23] , along with differential cross sections from the EDDA collaboration [2] . The resulting reaction cross sections, which were not included in the fit, are quite well reproduced. The predicted reaction cross sections are consistent with the results of Ref. [72] at lower energies, but deviate from these and follow the results of Ref. [73] above 1 GeV.
While we find that the partial-wave amplitudes above 1.6 GeV are smooth and structureless, reflecting the behavior seen in the total and elastic cross section data, we have also considered the effect of more localized structures reported in polarization measurements [3, 5] . We can add resonancelike structures in individual partial-waves to see their effect on any observable. This will be utilized as more polarization data become available.
As the high energy region was constrained mainly by cross section data, the present solution should be considered as a guide to the expected amplitudes. The EDDA collaboration is planning to measure P, A yy , A xx , and A xz in the near future. This will be crucial to any future analyses.
Further data is also expected from a number of other labs. About 2000 polarized pp measurements are expected above 1000 MeV [74] as the nucleon-nucleon program at SAT-URNE II is completed. While not included in the present fit, preliminary data [75] from SATURNE II is in reasonable agreement with our predictions. A representative fit to P data, at 2.16 GeV, is given in Fig. 5 .
A similar number of polarized quantities from np elastic scattering are expected (between 250 and 560 MeV [76] ) from PSI. The Freiburg University group is also planning to publish np measurements which were done at PSI at the beginning of the 1980's. These data range from 200 to 580 MeV and from 77
• to 179
• [77] . Final np differential cross sections between 73
• and 179
• measured at Uppsalla [78] are expected to replace data at 96 MeV [79] and 162 MeV [69] . IUCF is also measuring np differential cross sections in the backward direction at about 200 MeV to solve a shape problem in the angular distribution [80] . Other np sources include an extension of ∆σ L measurements [81] at JINR [62] , TRIUMF analyzing power measurements at 350 MeV [82] , and TUNL measurements [83] of the P parameter and ∆σ L at 7 and 15 MeV. We will continue to update our energy-dependent and single-energy solutions as the new measurements become available.
Finally we note that by extending our analysis to 2.5 GeV, we may be bridging the gap between the low-and high-energy regions. This is suggested if we plot dσ/dt versus s, as is shown in Fig. 6 . The result expected from dimensional counting at high-energy and fixed cm angle [84, 85] is
where N is the minimum number of fundamental constituents (quarks). While a slightly extended energy range would be more definitive, our results do appear to be consistent with this limit. points are from the SAID data base [7] ; filled circles are from Ref. [23] . (b) The solid curve gives the total reaction cross section of SM97. Filled circles are estimates from Ref. [72] . Filled triangles are estimates from Ref. [73] . 
